Abstract-In this paper, a penta-band antenna design using matching network for mobile phone application is proposed. This design is composed of a planar inverted-F antenna (PIFA) and a LCtank-stacked network. The LC-tank-stacked network consists of two pairs of stacked chip-LC tank, which combine in parallel with the microstrip line feeding to the antenna. The PIFA can excite dual bands, and each pair of chipLC tanks can effectively widen the lower and upper bandwidth, respectively. According to measured results, the bandwidth can cover 824-960 MHz/1710-2170 MHz band for WWAN application (VSWR = 3 : 1). The peak antenna gain is better than 0.5 dBi and 3.4 dBi for lower and upper operating band, respectively. And the measured radiation efficiency is about 40-60% and 40-70% for lower and upper operating band, respectively.
ground-plane size is 50 × 110 × 0.8 mm 3 using a FR4 substrate with relative permittivity 4.4, and the PIFA size is 42×18×7.5 mm 3 using metal injection molding. The PIFA consists of a long strip and short ladder-shape strip. The structural parameter L 1 can be used to define the long-strip length, and L 2 can be used to define short ladder-shaped strip length as shown in Figure 2 Figures 2(d) , (e) show the current distribution at lower-band 880 MHz and at upper-band 1950 MHz. It can be observed that L 1 and L 2 can affect the dual bands. However, L 2 length is not sensitive to affect the lower band because the main length L 1 is not changed. Basically, the proposed long/short strip PIFA can excite dual bands and reduce the dual bands toward lower frequency compared to the conventional PIFA [8] . Fig. 3(a) shows the conventional PIFA (an entire metal patch) and the proposed PIFA with the same size. Note that Fig. 3(b) shows the simulated return-loss result between conventional PIFA and the proposed PIFA which can explain the lower dual resonances.
PIFA can provide the mechanism of dual-band ratio; however, the LC-tank-stacked network can widen the dual-band bandwidth to cover the WWAN operating band for the 3 : 1 VSWR. As shown in Figure 4(a) , the pair of chip-LC tanks near the microstrip line can widen the lower band with C 1 = 6 pF and L 1 = 3 nH, and the other pair of chip-LC tanks can widen the upper band with C 2 = 0.9 pF and L 2 = 2 nH. Figure 4(b) shows the return loss of PIFA and PIFA with LC-tank-stacked network. It is obvious that the LC-tank-stacked network can add parasitic mode at lower and upper bands to achieve WWAN operating band. The dual-broad bands can be explained by input impedance as shown in Figure 5 . Figures 5(g), (h) . Finally, the proposed PIFA with LC-tank-stacked network has a good agreement with the simulated and measured return-loss results as shown in Figure 6 . Moreover, the PIFA lower/upper bandwidth can be improved by the LC-tank-stacked matching network form 10%/13% to17%/26% to cover the WWAN operating band 15%/23%.
